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A Simulation Study of Two-stage Fed-batch Culture for
Optimization and Control of PHB Production
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Abstract — For the purpose of optimizing poly-8-hydroxybutyrate (PHB) production from Alcaligenes
eutrophus, two-stage fed-batch culture was adopted. In this system, specific growth rate was maxi-
mized during the first stage whereas specific production rate was maximized during the second
stage. The optimal concentrations of glucose and ammonium chloride were 16.6 and 0.54 g/l in
the growth stage and 20.0 and 0.07 g// in the production stage, respectively. Proportional feedback
control considering time lag was suggested for PHB production process and a simulator was deve-

loped for real-time control purpose.
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Table 1. Nutrient composition of medium

Medium  Chemical Source  Concentration (g/l)
M yeast extract Sigma 3.0
medium  malt extract Difco 3.0
tryptone Difco 5.0
glucose Junsei 10.0
MgSO, Junsei 0.1
agar Junse) 15.0
Batch glucose Junsei 30.0
culture  MgSO, Junsei 0.1
(A) trace elements 0.0001
Batch NH,CI Puksan 2.0
culture KH.PO, Junsei 2.5
(B) Na:HPO,;-7H,C Junsei 5.0
NaHCO, Duksan 1.0
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Fig. 1. Comparison of schemes for determining optimal
feed rate.
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Fig. 2. Specific production rate of PHB (@, experimen-
tal; O, kinetic data in literature; —, estimated using
proposed model).
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Fig. 3. The scheme of two-stage fed-batch culture,

Table 2. Simulation conditions for determining optimal
transition time and glicose concentration in PHB pro-
duction stage

Simulation parameter

Condstion

Initial cell mass
Vmax

0.2 g/l (dry weight)
41

Glucose concentration in feed 300 g/l

Ammonium chloride concentration 30 g//
in feed

Optimal glucose concentration 16.64 g/l
i growth stage

Optimal ammonium concentration .54 g/l
in growth stage

Optimal ammonium concentration  0.07 g/i
in production stage

Maximum feed rate 0.2 1/hr
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K., K., Ky : Proportional gain
Ko Ky, Ky Kinetic parameters in specific grow-

th rate(g/l)
Knr, Kpn Kpg: Kinetic parameters in specific pro-
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duction rate(g//)

K . Inhibition constant for glucose in re-
sidual biomass growth rate(g/l)

K; . Inhibtion constant for NH.Cl in Eq.
(1)

m . Maintenance energy(hr™")

N . NH4Cl concentration(g/i)

N, : NH,Cl concentration in feed(g/l)

Nost . Optimal NH4Cl concentration{(g//)

P, P,a . PHB concentration(g/l)

(P/X),, : Maximum PHB content(g PHB/g
cell)

R  Residual biomass concentration(g//)

\% . Fermenter volume(?)

X . Cell mass concentration(g/!)

t . Time(hr)

ty . Final time(hr)

Yeo . PHB yield based on glucose(g/g)

Yro : Residual biomass yield based on
glucose(g/g)

Yan . Residual biomass yield based on NH,
Clg/g
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a

H
K

-

. Exponent in specific PHB production rate

. Specific growth rate of residual biomassthr %)

: Maximum specific growth rate of residual
biomass(hr ™)

. Specific PHB production rate(hr ")

. Maximum specific PHB production rate(hr™')
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